Among over 200,000 Galactic Bulge variable stars in the public domain OGLE catalogue, we found over 15,000 red giant variables following two well defined periodamplitude relations. The periods are in the range 10 < P < 100 days, and amplitudes in the range 0.005 < A < 0.13 mag in I-band. The variables cover a broad range of reddening corrected colours, 1 < (V − I) 0 < 5, and a fairly narrow range of extinction corrected apparent magnitudes, 10.5 < I 0 < 13. A subset of variables (type A) has a rms scatter of only 0.44 mag. The average magnitudes for these stars are well correlated with the Galactic longitude, and vary from I k,0 = 11.82 for l = +8
INTRODUCTION
While the existence of the Galactic Bar was pointed out decades ago (de Vaucouleurs 1964) , the Bar existence received a broader support only following the work of Blitz & Spergel (1991) , based on 2.4 micron light distribution in the inner Galaxy as measured by Matsumoto et al. (1982) , and the work of Nakada et al. (1991) , based on the asymmetry in the distribution of Galactic Bulge stars as measured by IRAS. The presence of the Galactic Bar has been observed in many different ways; recent reviews are provided by Garzón (1999) , Gerhard (2002) , Dehnen (2002), and Merrifield (2003) .
The Optical Gravitational Lensing Experiment (OGLE) is a long term observing project carried out at the Las Campanas Observatory in Chile, operated by the Carnegie Institution of Washington. The instrumentation of the three stages of the project was described by Udalski et al. (1992, OGLE-I) , Udalski et al. (1997, OGLE-II) , and Udalski et al. (2002a, OGLE-III) . A catalogue of over 200,000 variable stars discovered within approximately 11 square degrees in the direction of the Galactic Bulge was published by Woźniak et al. (2001) . The public domain data set contains 200 − 400 I-band photometric data points obtained in the observing seasons 1997, 1998, 1999 with the OGLE-II instrumentation: a dedicated 1.3-meter telescope with a 2K × 2K pixel CCD camera, built and operated by the Warsaw University Observatory.
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The presence of the Galactic Bar was already detected in the apparent distribution of red clump giants in the OGLE-I data (Stanek et al. 1994 , Stanek et al. 1997 . In this paper, we set out to determine whether the evidence for the Galactic Bar may also be found among OGLE variables. We calculated periodograms (Lomb 1976 , Press et al. 1992 for each of the 200,000 objects in the OGLE-II variable star catalogue (Woźniak et al. 2001 ) that had at least 100 I-band measurements, and accepted as real those for which the probability of a false signal (Press et al. 1992 ) was smaller than 0.001. Because fields 45 and 46 have only two seasons of observations (fewer than 100 measurements), periodograms were not calculated for any stars in these fields. We were struck by the two clear sequences apparent in the period -amplitude diagram, presented in Fig. 1 . For many stars, several significant periods were found. The plotted period has the largest amplitude. Our convention is that amplitudes are defined as half of the peak-to-peak amplitude for a given mode.
Originally, we had intended to use Mira-type long period variables as possible tracers of the Galactic Bar. However, it is clear that the variables defining the two sequences in Fig. 1 are more numerous and, having small amplitudes, they appear to be more useful than Miras as tracers of the Galactic structure. Therefore, this paper is devoted to these low amplitude variables only.
In addition to the two sequences present in Fig. 1 there is a clump of variables around log P ∼ 2.1 and log A < −2; this is mostly caused by an artefact, and should be ignored.
We divided the variables into types A and B, with the division line shown in Fig. 1 . Type A is above and to the left, and type B below and to the right, of the division line. Variables within the parallelograms:
−2.31 < log(A) < −1.31, −6.56 < log(A) − 3.223 log(P ) < −5.66,
−1.82 < log(A) < −0.90, −7.62 < log(A) − 3.223 log(P ) < −6.56,
were selected in 33 OGLE-II fields spanning a large range of Galactic longitudes, but only a small range of Galactic latitudes. The colour -magnitude diagram, corrected for interstellar reddening and extinction with the maps provided by Sumi (2003) , is shown in Fig. 2 Fig. 2 are bright red giants. It is very likely that these stars are similar to the variables found by Kiss & Bedding (2003) and Ita et al. (2003) in the OGLE catalogue for the LMC and SMC, to those found by Cook et al. (1997) , Wood et al. (1999), and Wood (2000) in the MACHO database for the LMC, to the M giant variables in NGC 6522 (Glass & Schultheis 2003) , and to those found by Cook et al. (1997) in the MACHO database for the Galactic Bulge. Minimum variability levels have been detected for red giants from the ESO project "long term photometry on variables" (Jorissen et al. 1997) , and also from Hipparcos photometry (Eyer & Grenon 1997) , the cooler stars having larger minimum variability thresholds and larger mean amplitudes. Furthermore, a periodamplitude relation has been noticed for a few red giants stars by Jorissen et al. (1997) , and also in a large sample of stars from ASAS data (Eyer & Blake 2002) . A possible theoretical mechanism for the oscillations was studied by Dziembowski et al. (2001) and Christensen-Dalsgaard et al. (2001) .
The aim of our paper is to select from the OGLE catalogue red giant variables populating the two period -amplitude sequences in Fig. 1 , to provide many parameters for these variables in electronically accessible tables, and to check if they trace the Galactic Bar.
SELECTION OF VARIABLES
We used reddening maps published by Sumi (2003) for 48 OGLE-II Galactic Bulge fields. All variables of type A in a subset of these fields located at the Galactic latitude b ≈ −4
• are shown in Fig. 3 . It is clear that they form three distinct groups: luminous red giants, less luminous red giants located near the Bulge red clump region, and relatively blue Galactic disc stars. These three groups are well separated. We selected stars located above and to the right of the line in Fig. 3 for our study, and we refer to them as OGLE Small Amplitude Red Giant variables (OSARGs).
Some type B variables are close to the saturation limit of OGLE-II, and therefore we restrict our study of the Galactic structure to OSARG type A variables only. The OGLE saturation limit causes a problem for the study of the brightest OSARGs. This technical difficulty will be overturned when the ASAS I-band data (Pojmański 2002) become available, which have a limiting I-mag of about 14, and a considerable overlap with OGLE-II photometry. Three years of Galactic Bulge data have been acquired by ASAS already. For our analysis we omit fields located far from b ≈ −4
• , and those fields for which a reliable extinction map is not available. This leaves us with a total of 33 OGLE-II fields.
DISTRIBUTION OF VARIABLES
The OSARG type A variables form a nearly horizontal sequence in the colour -magnitude diagram shown in Fig. 3 . We fitted their distribution with a straight line using the least square method, and looking for the best global solution of the form:
where I k,i,0 and (V − I) k,i,0 are the reddening corrected average magnitude and colour for variable number i in the field k, I k,0 is a constant, different for every field, representing the 'average' magnitude of OSARG type A variables in field k, a is the same constant for all fields, and 2.881 is the mean (V − I)0 colour for all OSARG type A variables in all 33 fields represented in Fig. 3 . We computed the value of the parameter a as 0.169. The values of the parameter I k,0 and the standard deviations from the relation (2) are given in Table 1 for all 33 fields. This table also lists the total number of type A and type B variables in each field and the Galactic coordinates of the field centers. Fig. 4 presents the variation of the average magnitude of OSARG type A variables with the Galactic longitude. A clear trend is present, practically identical to that shown by the red clump giants (Stanek et al. 1994 , Stanek et al. 1997 , Sumi 2003 , demonstrating that OSARG variables are located in the Galactic Bar.
We repeated the analysis for OSARG type B variables and it was qualitatively similar to that shown in Fig. 4 , but disturbed by the OGLE-II saturation limit.
MULTIPLE PERIODS
Multiple periods were detected for most OSARGs. The ratios of those periods to the dominant period (i.e., the one with the largest amplitude) are shown in Fig. 5 as a function of the dominant period. Several bands corresponding to the period ratios close to 2, 1.4, 0.9, 0.75, and 0.5 are clearly seen. The interpretation of this rich spectrum of oscillations is beyond the scope of our paper. Our intent is to present this richness with a hope that it may attract specialists to investigate the nature of the oscillations.
Virtually all OSARGs were identified with objects in the 2MASS catalogue, and the values of J, H, and K magnitude are included in the tables available on Internet/Simbad. A sample of these tables is shown in our Table 2 . These magnitudes were corrected for interstellar extinction using maps developed by Sumi (2003) and using extinction ratios between the infrared bands and V-band provided by Schlegel et al. (1998) . Note that the extinction in K-band is small, and any errors in the estimate are of relatively little consequence. The average K-band magnitude, corrected for extinction, varies with Galactic longitude in a way similar to that seen in Fig. 4 .
Next, extinction corrected K0 magnitudes were also corrected for the Galactic Bar effect (as shown in Fig. 4 of this paper) to the distance corresponding to Galactic longitude l = 0; we label the corresponding magnitudes K0,0. A relation between the dominant period of oscillations and K0,0 is shown in Fig. 6 . The two groups of OSARGs that are visible in Fig. 1 are also clearly visible in Fig. 6 .
The two groups of OSARGs are also plotted in the infrared color -magnitude diagram in Fig. 7 . Only 20% of all variables are plotted to avoid crowding. There is almost full overlap between the two groups, distinctly different from the clear separation in Fig. 1 and Fig. 6 . Fig. 8 shows the dependence of the dominant period on the reddening corrected (V − I)0 color, and clear period -color relations are apparent. Note: K-band magnitude is close to the bolometric magnitude, and hence the periodluminosity relations are clearly visible in Fig. 6 . However, the bright giants form a nearly horizontal line in the I0 − (V − I)0 diagram shown in Fig. 2 . Hence, the (V − I)0 color is for them a better absolute luminosity indicator than the I0 magnitude, and this is clearly demonstrated in Fig. 8 .
Finally, it is time for us to present a random sample of type A and type B OSARGs in Fig. 9 . These are 12 variables of each type in the field BUL SC3, sorted with increasing dominant period. These appear as semi-regular variables because of their rich period structure. A much longer time baseline of photometric measurements will become available soon when the current OGLE-III data are processed and published (cf. Udalski et al. 2002a) . With a longer time baseline, it will be much easier to decide to what extent the multiple periods we found are stable, and to what extent OSARGs are multiply-periodic rather than semi-regular variables.
THE CATALOGUE
We provide a catalogue of 8970 OSARG type A variables and 6399 OSARG type B variables in electronic form at:
http://www.astro.princeton.edu/∼jwray/OSARG/ in the files A.txt and B.txt, respectively. Separate files for each field are available at the same URL, and are called A1.txt, A2.txt, . . . , A49.txt and B1.txt, B2.txt, . . . , B49.txt. The catalogue is a subset of the general OGLE-II catalogue of variable stars in the Galactic Bulge (Woźniak et al. 2001) . A sample of the tables, listing data for the first 25 type A stars from the field BUL SC1, is shown in Table 2 , which is split into two parts because of its considerable width. The consecutive columns are as follows: the variable star number according to Woźniak et al. (2001) ; the star number according to OGLE maps (Udalski et al. 2002b) ; 2000 RA and DEC; X and Y pixel coordinates; average V-band magnitude; V-band extinction; average (V-I) color; (V-I) reddening; average I-band magnitude; I-band extinction; J, H, K-band magnitudes; the dominant period and its amplitude; the next three significant periods and amplitudes. In cases where fewer than three significant periods were found, the extra columns contain the value -99.99999. Similarly, for a few stars there was no match found in the 2MASS catalogue, so the J, H, K columns for those stars contain the value -9.999.
The coordinates and I and V-band magnitudes are given following OGLE maps (Udalski et al. 2002b) , the reddening and extinction is given following Sumi (2003) , and the J, H, K magnitudes are given following 2MASS (All-Sky Point Source Catalogue, Release 2003 March 25). We provide all these data in electronically accessible files to facilitate analysis of OSARG variables to all interested users.
DISCUSSION
There can be no doubt that OSARGs have been found in the MACHO database for the Galactic Bulge (Cook et al. 1997) , and that they are related to red giant variables found in the LMC and SMC by Cook et al. (1997) , by Kiss & Bedding (2003) and by Ita et al. (2003) . However, there is also a striking difference between the Galactic Bulge and the LMC and SMC: the multiple narrow bands seen in the log P − K diagrams for the LMC and SMC are not present in the Galactic Bulge, where we see only two groups of stars. It appears that our type A and B variables correspond to type A . 6 ). Note: the distance modulus to the Galactic Bulge is 4 mag smaller than that to the LMC, so the red giant tip, which is at K ≈ 12 in the LMC, is expected to be at K ≈ 8 in the Galactic Bulge. Unfortunately, this is close to the I-band saturation limit of OGLE, and this complicates the comparison and biases our diagrams.
We have an impression that our two sequences of variables are broader in the apparent magnitude than the corresponding sequences seen in the LMC and SMC. This may be caused by at least two effects: the Galactic Bar has a relatively large radial depth, which remains an effect even after correction is made for the inclination (cf. Fig. 4) , and there is likely also a broad range of metallicities in our Galaxy as compared to LMC and SMC.
Another striking difference between OSARGs and similar variables in the LMC is the presence of a large number of LMC stars with color (J − K) > 1.4, as shown in fig. 3 of Kiss & Bedding (2003) ; these are carbon stars. We found very few such variables, as is apparent in our Fig. 7 , where there are less than a handful of stars off the right hand limit of the figure. This difference may be due to the higher metallicity of the Galactic Bulge as compared with the LMC.
The period -amplitude relations as presented in our Fig. 1 have not been reported in print to the best of our knowledge. However, similar relations were found for the LMC and SMC variables by Soszyński (2003) .
We restrict this paper to the announcement of the OS-ARG variables in the Galactic Bulge/Bar, to the catalogue of 15,369 objects, and to the demonstration that they are located in a bar inclined to the line of sight. We make no attempt at modelling the Bar, as considerably more complete data should be available as soon as ASAS photometry (cf. Pojmański 2002) becomes available, and the problems with the OGLE saturation limit are alleviated.
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